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We refer to your Written Opinion dated 25 August 2005. 

We enclose amended description and claims on replacement pages 3 to 7 and 1 2 to 1 7. We also enclose 
a marked up copy of the amendments for the examiner's convenience. 

The effect of the amendment is to clarify the claims with respect to the use of the terms "wafer^ and 
"substrate". The method claims have been now amended to a method for fabricating a semiconductor 
device having a plurality of layers. 

Further, claim 1 has been amended to refer the term "relatively thick layer" to one that is of sufficient 
thickness to provide a heat sink. 




The description has been amended to incorporate the respective amendments in the claims. 



In light of the above, we submit that the claims are now clear and look forward to a clear examination 
report. 
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Known LED chips grown on sapphire substrates require two wire bonds on top of 
the chip. This is necessary because sapphire is an electrical insulator and current 
conduction through the 100-micron thickness is not possible. Since each wire bond 
pad takes about 10-15% of the wafer area, the second wire bond reduces the 
5 number of chips per wafer by about 10-15% as compared to single-wire bond 
LEDs grown on conducting substrates. Almost all non-GaN LEDs are grown on 
conducting substrates and use one wire bond. For packaging companies, two wire 
bonding reduces packaging yield, requires modification of one-wire bonding 
processes, reduces the useful area of the chip, and complicates the wire bonding 
10 process and thus lowers packaging yield. 

Sapphire is not a good thermal conductor. For example, its thermal conductivity at 
300K (room temperature) is 40W/Km. This is much smaller than copper's thermal 
conductivity of 380 W/Km. If the LED chip is bonded to its package at the sapphire 
15 interface, the heat generated in the active region of the device must flow through 3 
to 4 microns of GaN and 100 microns of sapphire to reach the package/heat sink. 
As a consequence, the chip will run hot affecting both performance and reliability. 

For GaN LEDs on sapphire, the active region where light is generated is about 3-4 
20 micron from the sapphire substrate. 

Summary of the Invention 

In accordance with a preferred form of the present invention, there is provided a 
25 method for fabrication of a semiconductor device on a substrate, the 
semiconductor device having a plurality of layers; the method including the steps: 
(a) electroplating a layer of a thermally conductive material onto a 
surface of the semiconductor device remote from the substrate 
and close to the device layer; and 
30 (b) removing the substrate. 

The semiconductor device may be a silicon-based device. 

In accordance with another form, there is provided a method for fabrication of a 
35 light emitting device on a substrate, the light emitting device having a plurality of 
layers with an active layer; the method including the steps: 

(a) electroplating a layer of a thermally conductive material onto a 
surface of the semiconductor device remote from the substrate 
and close to the active layer; and 
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(b) removing the substrate 



For both forms, the thermally conductive layer may be as a heat sink, and may be 
of a thickness in the range of from 3 microns to 300 microns, preferably 50 to 200 
microns. 

In a further form, the present invention provides a method for fabrication of a 
semiconductor device on substrate, the semiconductor device having a plurality of 
layers; the method including the steps: 

(a) applying a seed layer of a thermally conductive metal to a first 
surface of the semiconductor device remote from the substrate; 

(b) electroplating a relatively thick layer of the thermally conductive 
metal on the seed layer, the thermally conductive metal of sufTicient 
thickness to provide a heat sink; and 

(c) removing the substrate. 

Prior to the seed layer being applied, the layers may be coated with an adhesion 
layer. Before the electroplating of the relatively thick layer the seed layer may be 
patterned with photoresist patterns; the relatively thick layer being electroplated 
t>etween the photoresists. 

The seed layer may be electroplated without patterning and with patterning being 
performed subsequently. Patterning may be by photoresist patterning and then 
wet etching. Alternatively, it may be by laser beam micro-machining of the 
relatively thick layer. 

Between steps (b) and (c) there may t>e performed the additional step of annealing 
the layers to Improve adhesion. 

Preferably, the photoresists are of a height of at least 15 to 500 microns, more 
preferably 50 to 200 microns, and have a thickness in the range 3 to 500 microns. 
More preferably, the photoresists have a spacing in the range of 200 to 2.000 
microns, preferably 300 microns. 

The relatively thick layer may be of a height no greater that the photoresist height. 
Alternatively, the conductive metal layer may be electroplated to a height greater 



5 

than the photoresist and be subsequently thinned. Thinning may t>e by polishing or 
wet etching. 

After step (c) there may be included an extra step of forming on a second surface 
5 of the semiconductor device remote from the relatively thick layer, a second ohmic 
contact layer. The contact layer may be a second ohmic contact layer. The second 
ohmic contact layer may be one of opaque, transparent, and semi-transparent, and 
may be either blank or patterned. Ohmic contact formation and subsequent 
process steps may be carried out. The subsequent process steps may include 
10 deposition of wire bond pads. The exposed second surface of the semiconductor 
device may be cleaned and etched before the second ohmic contact layer is 
deposited onto it. The second ohmic contact layer may not cover the whole area of 
the second surface of the semiconductor device. 

15 The semiconductor devices may be tested on the layers, and the layers may be 
subsequently separated Into individual devices. 

The semiconductor devices may be fabricated without one or more of: lapping, 
polishing and dicing. 

20 

The semiconductor device comprises a plurality of epitaxial layers, a first ohmic 
contact layer being on a first surface of the epitaxial layers remote from the 
substrate. The first ohmic contact layers may t>e on p-type layers of the epitaxial 
layers; and the second ohmic contact layer may be formed on n-type layers of the 
25 expitaxial layers. 

After step (c). dielectric films may be deposited on the epitaxial layers. Openings 
may then t>e cut in the dielectric and second ohmic contact layer and bond pads 
deposited on the epitaxial layers. Alternatively, after step (c), electroplating of a 
30 thermally conductive metal (or other material) on the epitaxial layers may be 
performed. 

The invention is also directed to a semiconductor device fabricated by the above 
method. The invention, in a preferred aspect, also provides a light emitting diode 
35 or a laser diode fabricated by the above method. 

In a further aspect, the present invention provides a semiconductor device 
comprising epitaxial layers, a first ohmic contact layer on a first surface of the 



epitaxial layers, a relatively thick layer of a thermally conductive metal on the first 
ohmic contact layer to form a heat sink, and a second ohmic contact layer on a 
second surface of the epitaxial layers; the relatively thick layer being applied by 
electroplating. 

There may be an adhesive layer on the first ohmic contact Idyer between the first 
ohmic contact layer and the relatively thtek layer. 

The relatively thick layer may be at least 50 micrometers thick; and the second 
ohmic contact layer may be a thin layer in the range of from 3 to 500 nanometers. 
The second ohmic contact layer may be transparent, semi-transparent or opaque; 
and may include tx>nding pads. 

For all forms of the invention, the thermally conductive metal may be copper. 

There may be a seed layer of the thermally conductive metal applied to the 
adhesive layer. 

The semiconductor device may be one of: a light emitting diode, a laser diode, and 
a transistor device. 

In yet another form, there is provided a semiconductor device comprising epitaxial 
layers, a first ohmic contact layer on a first surface of the epitaxial layers, an 
adhesive layer on the first ohmic contact layer, and a seed layer of a thermally 
conductive metal on the adhesive layer. 

There may be further included a relatively thick layer of the thermally conductive 
metal on the seed layer. 

A second ohmic contact layer may be provided on a second surface of the epitaxial 
layers; the second ohmic contact layer being a thin layer in the range of from 3 to 
500 nanometers. The second ohmic contact layer may comprise bonding pads; 
and may be one of: opaque, transparent, and semi-transparent. 

The thermally conductive metal may comprise copper; and the epitaxial layers may 
comprise GaN-related layers. 

The semiconductor device may be a light emitting device. 
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In a penultimate form, the present Invention provides a method of fabrication of a 
semiconductor device, the method including the steps: 

(a) on a substrate with a plurality of epitaxial layers comprising multiple GaN- 
5 related epitaxial layers, forming a first ohmic contact layer on a first surface 

of the epitaxial layers; 

(b) removing the substrate from the epitaxial layers; and 

(c) forming a second ohmic contact layer on a second surface of the epitaxial 
layers, the second ohmic contact layer having bonding pads formed 
thereon. 

The second ohmic contact layer may be for light emission; and may be opaque, 
transparent, or semi-transparent. The second ohmic contact layer may be blank or 
patterned. 

In a final form, there is provided a semiconductor device fabricated by the above 
method. 

The semiconductor device may be a light emitting diode or a laser diode. 
Brief Description of the Drawings 

In order that the invention may be better understood and readily put into practical 
effect there shall now be described by way of non-limitative example only a 
preferred embodiment of the present invention, the description t>elng with 
reference to the accompanying illustrative (and not to scale) drawings in which: 

Figure 1 is a schematic representation of a semiconductor device at a first stage in 
the fabrication process; 

Figure 2 is a schematic representation of the semiconductor device of Figure 1 at a 
second stage in the fabrication process; 

Figure 3 is a schematic representation of the semiconductor device of Figure 1 at a 
third stage in the fabrication process; 

Figure 4 Is a schematic representation of the semiconductor device of Figure 1 at a 
fpurth stage in the fabrication process; 

Rgure 5 is a schematic representation of the semiconductor device of Figure 1 at a 
fifth stage in the fabrication process; 
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The claims: 

1. A method for fabrication of a semiconductor device on substrate, the semiconductor 
device having a plurality of layers; the method including the steps: 

(a) applying a seed layer of a thermally conductive metal to a first surface of the 
semiconductor device; 

(b) electroplating a relatively thick layer of the thermally conductive metal on the 
seed layer, the thermally conductive metal of suffident thickness to provide a 
heat sink; and 

(c) removing the substrate. 

2. A method as claimed in claim 1 , wherein the first surface is coated with an adhesion layer 
prior to application of the seed layer. 

3. A method as claimed In claim 1 or claim 2, wherein the seed layer Is pattemed with 
photoresist pattems before the electroplating step (b). 

4. A method as claimed in claim 3. wherein the electroplating of the relatively thick layer is 
between the photoresist pattems. 

5. A method as claimed in any one of claims 1 to 4, wherein between steps (b) and (c) there 
is performed the additional step of annealing the layers to improve adhesion 

6. A method as claimed in claim 3 or claim 4, wherein the photoresist pattems are of a 
height in the range 15 to 500 micrometers. 

7. A method as claimed in claim 3 wherein the photoresist pattems have a thickness in the 
range 3 to 500 micrometers. 

8. A method as claimed in any one of claims 3, 4, 6 and 7, wherein the photoresist pattems 
have a spacing in the range of 200 to 2,000 microns. 

9. A method as claimed in any one of claims 1 to 8, wherein the seed layer Is electroplated 
in step (b) without patterning, patterning being performed subsequently. 

10. A method as claimed in claim 9, wherein patteming is by photoresist patterning and then 
wet etching. 
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11. A method as claimed in claim 9, wherein patterning is by laser beam micro-machining of 
the relatively thick layer. 

12. A method as claimed in any one of claims 3 to 1 1 , wherein the relatively thick layer is of a 
height no greater that the photoresist height. 

13. A method as claimed In any one of claims 3 to 11, wherein the relatively thick layer of 
thermally conductive metal is electroplated to a height greater than the photoresist and is 
subsequently thinned. 

14. A method as claimed in claim 13, wherein thinning is by polishing or wet etching. 

15. A method as claimed in any one of claims 1 to 14, wherein after step (c) there is Included 
an extra step of forming on a second surface of the semiconductor device a second 
ohmic contact layer, the second ohmic contact layer being selected from the group 
consisting of: opaque, transparent, and semi-transparent. 

16. A method as claimed in claim 15, wherein the second ohmic contact layer Is one of blank 
and patterned. 

17. A method as claimed in claim 15 or claim 16, wherein bonding pads are formed on the 
second ohmic contact layer. 

18. A method as claimed in any one of claims 1 to 14, wherein after step (c) ohmic contact 
formation and subsequent process steps are carried out, the subsequent process steps 
including deposition of wire bond pads. 

19. A method as claimed in claim 18, wherein the exposed second surface is cleaned and 
etched before the ohmic contact layer is deposited. 

20. A method as claimed In any one of claims 1 5 to 19, wherein the second ohmic contact 
layer does not cover the whole area of the second surface. 

21. A method as claimed in any one of claims 15 to 20, wherein after forming the second 
ohmic contact layer there Is included testing of the semiconductor devices on the 
epitaxial layers. 
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A method as claimed in any one of claims 15 to 21, wherein there is included the step of 
separating the layers into individual devices. 

A method as claimed in any one of claims 1 to 22, wherein the semiconductor devices 
are fabricated without one or more selected from the group consisting of: lapping, 
polishing and dicing. 

A method as claimed in any one of claims 1 to 23, wherein the semiconductor device 
comprises a plurality of epitaxial layers, a first ohmic contact layer being on a first surface 
of the epitaxial layers remote from the substrate; the first ohmic contact layers being on 
p-type layers of the epitaxial layers. 

A method as claimed in any claim 22, wherein the second ohmic contact layer is formed 
on n-type layers of the expitaxial layers. 

A method as claimed in any one of claims 1 to 14, wherein after step (c), dielectric films 
are deposited on the epitaxial layers and openings are cut in the dielectric films and 
second ohmic contact layer and bond pads deposited on the epitaxial layers. 

A method as claimed in any one of claims 1 to 14, wherein after step (c), electroplating of 
a thermally conductive metal on the semiconductor device is performeid. 

A method as claimed in any one of claims 24 to 26 and claim 27 when appended to any 
one of claims 24 to 26, wherein the thermally conductive metal comprises copper and the 
epitaxial layers comprise multiple GaN-related layers. 

A semiconductor device comprising epitaxial layers, first ohmic contact layers on a first 
surface of the epitaxial layers, a relatively thick layer of a thermally conductive metal on 
the first ohmic contact layer to form a heat sink, and a second ohmic contact layer on a 
second surface of the epitaxial layers an adhesive layer on the first ohmic contact layer 
between the first ohmic contact layer and the relatively thick layer; the relatively thick 
layer being applied by electroplating. 

A semiconductor device as claimed in claim 29. wherein there is a seed layer of the 
thermally conductive metal, applied to the adhesive layer. 
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A semiconductor device as claimed in any one of claims 29 and 30, wherein the relatively 
thick layer is at least 50 micrometers thick. 

A semiconductor device as claimed in any one of claims 29 to 31. wherein the second 
ohmic contact layer is a thin layer in the range of from 3 to 500 nanometers. 

A semiconductor device as claimed in any one of claims 29 to 32, wherein the second 
ohmic contact layer is selected from the group consisting of: opaque, transparent, and 
semi-transparent. 

A semiconductor device as claimed in any one of claims 29 to 33, wherein the second 
ohmic layer includes bonding pads. 

A semiconductor device as claimed in any one of claims 29 to 34, wherein the thermally 
conductive metal is copper and the epitaxial layers comprise multiple GaN-related 
epitaxial layers. 

A semiconductor device as claimed in any one of claims 29 to 35, wherein the 
semiconductor device is selected from the group consisting of: a light emitting device, 
and a transistor device. 

A semiconductor device comprising epitaxial layers, a first ohmic contact layer on a first 
surface of the epitaxial layers, an adhesive layer on the first ohmic contact layer, and a 
seed layer of a thermally conductive metal on the adhesive layer. 

A semiconductor device as claimed in claim 37, further including a relatively thick layer of 
the thermally conductive metal on the seed layer, the relatively thick layer acting as a 
heat sink. 

A semiconductor device as claimed in claim 37 or claim 38, further including a second 
ohmic contact layer on a second surface of the epitaxial layers; the second ohmic 
contact layer being a thin layer in the range of from 3 to 500 nanometers. 

A semiconductor device as claimed in any one of claims 37 to 39, wherein the second 
ohmic contact layer comprises bonding pads and is selected from the group consisting of 
: opaque, transparent, and semi-transparent. 
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A semiconductor device as claimed in any one of claims 37 to 40. wherein the thermally 
conductive metal comprises copper; and the epitaxial layers comprise GaN-related 
layers. 

A method of fabrication of a semiconductor device, the method including the steps: 

(a) on a substrate with a plurality of epitaxial layers comprising multiple GaN- 
related epitaxial layers, forming a first ohmic contact layer on a first surface 
of the epitaxial layers; 

(b) removing the substrate from the epitaxial layers; and 

(c) forming a second ohmIc contact layer on a second surface of the epitaxial 
layers, the second ohmic contact layer having bonding pads formed thereon. 

A method as claimed In claim 42, wherein the second ohmic contact layer Is selected 
from the group consisting of: opaque, transparent, and semi-transparent. 

A method as claimed in claim 42 or claim 43, wherein the second ohmic contact layer is 
one of: blank, and patterned. 

A semiconductor device fabricated by the method of any one of claims 42 to 44. 

A semiconductor device as claimed in claim 45. wherein the semiconductor device is one 
of: a light emitting device, and a transistor device. 

A method for fabrication of a semiconductor device on a substrate, the semiconductor 
device having a plurality of layers with a device layer; the method including the steps: 

(a) electroplating a layer of a thermally conductive material onto a surface of the 
semiconductor device remote from the substrate and close to the device 
layer; and 

(b) removing the substrate. 

A method as claimed In dalm 47, wherein the semiconductor device is a silicon-based 
device. 

A method for fabrication of a light emitting device on a substrate, the light emitting device 
having a plurality of layers with an active layer; the method including the steps: 
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(a) electroplating a layer of a thermally conductive material onto a surface of the 
semiconductor device remote from the substrate and close to the active 
layer; and 

(b) removing the substrate. 

A method as claimed in any one of claims 47 to 49, wherein the thermally conductive 
layer is as a heat sink. 

A method as claimed in claim 50, wherein the thermally conductive layer is of a thickness 
in the range of from 3 microns to 300 microns. 

A method as claimed in claim 50 or claim 51 , wherein the thermally conductive layer is of 
a thickness of from 50 to 200 microns. 
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